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PRACTICAL METHOD FOR PREPARING PRECISION, ULTRA-FINE
SAPPHIRE SURFACES

Eberhard Prochnow and David F. Edwards
Optical Sciences and Engineering Group
Lawrence Livermore National Laboratory

Livermore, CA 94550

A precision surface has a high degree of conformity to a
desired figure. An ultra-fine surface has a high degree of
smoothness. Several authors(1'2) have described methods of
preparing either a precision surface or an ultra-fine surface for
sapphire. A few claim to be able to do both. 1In general, they
describe methods suitable for quanitities of 100 or more pieces
that require extensive fixturing and initial tooling. Given
below is the method we use for preparing small quantities (5-10
pieces) of polished sapphire (A1203) wafers having surface figure
of A/8 or better and surface roughness of 2-3 R RMS. No
elaborate fixturing or special machines are requifed, and the
total time for completing one side of a block of seven is about
16-20 hours. The final polishing steps are done using colloidal
silica on pitch. This is important in that it permits us to

alter the figure of the surface as well as to achieve the
smoother surfaces.

We concur with previous investigators(Z) that the removal
mechanism for the colloidal silica is primarily by chemical
reaction. The polishing pitch, as used by us, adds to the
chemical reaction of the colloidal silica with sapphire making
figure control a possibility. As reported by others(Z) the
changing of surface figure using colloidal silica with cloth or
Pellon pads 1s very slow and not practical. The faster chemical
reaction of the pitch-colloidal silica increases the removal rate
for the sapphire surface. This is important for preparing wafers
having minimum or zero disturbed surface layers. During the
grinding steps the surface is abraded by a complex series of

microfractures and chipping. This leaves a finite layer of

*Work performed under the auspices of the U.S. Department of Energy by
Lawrence Livermore National Laboratory under contract No. W-7405-ENG-48.



microscopic fractures propagating into the material abdistance
depending on the details of the operation. We have measured
damage depths of a few microns to several hundred microns
depending on the type of material (e.g. glass, crystal, etc.) and
the removal process. This remnant of wWwork damage, called the
damage layer, must be removed before the sapphire surface is
usable for some applications. We have reason to believe that
pitch polished surfaces using colloidal silica is an efficient

method of removing this damaged layer.

Given below are details of the procedures we have used to
prepare damage free sapphire surfaces. The starting material was
a 60° leuco-sapphire (undoped A1203) rod 19 mm diameter and about
75 mm long. An inspection polish was first given to the outer
diameter of the rod. We define an inspection-polished surface to
have a shine but ignoré small pits, small scratéhes and figure.
To generate the inspection polish, the rod was lapped while
mounted between centers on a tool grinding machine(3). Starting
with 400 grit boron carbide in water and finishing with 3 micron

diamond in water the cylinder inspection polish was completed in
about 8 hours,

Wafers 3.3 mm thick were cut from the rod using a diamond
cut-off saw., The edges of each wafer were beveled and inspection
polished using diamond dust to reduce edge flaking or breaking
that might cause scratching during later steps. The optimum

bevel angle was found to be 60° relative to the rod axis.

All the steps that follow were made with the parts
cemented<u) to a 64 mm dia. x 12.7 mm pyrex disk. One wafer was
at the center surrounded by six equally spaced wafers. An
aluminum disk could also be used in place of the pyrex disk. An
advantage of pyrex is its transparency which permits monitoring

wafer parallelism during the fabrication process.

With the seven wafers cemented to the pyrex disk they are
first "touched" using a diamond wheel of a No. 11 Blanchard

grinder to correct variations in wafer thickness. For the



Blanchard step we use a 6.4 mm wide wheel with 100 grit diamond
Wwith 75% concentration in a resin bond. A water soluble
detergent(5) was used as the coolant. The Blanchard step, like
the sawing step, can produce an excessive damage layer, so0 care
must be exercised to avoid over aggressive stock removal. We
first removed about 0.15 mm from all seven wafers at a rate of
0.23 mm/min. This was followed by removing 0.03 mm at a rate of
0.08 mm/min. with a 5 min. "spark out"™ (i.e., continue the

Blanchard with no wheel advance}.

The grinding steps were done using a hand grinder(S).
Starting with a cast iron lap and 400 grit boron carbide abrasive
in water we remove about .05 mm of material. This was followed
by a 3 um diamond dust in distilled water on a copper KEMET
lap(6). About 0.03 to 0.04 mm was removed with this step. These
two grinding steps, cast iron and copper Kemet, were completed in

about 15 minutes each.

After brushing and cleaning the copper Kemet lap we use 1y
diamond dust in distilled water to bring the surface to about one
wave convex across the entire block. At this step the surface
finish, as measured using the Optical Heterodyne Profilometer(7),
was 50-70 A RMS. The 1 uym diamond step required about 30

minutes.

The polishing was performed using a pitch lap(a) on a bowl
feed polisher(g). The lap, 75 mm diameter with V-grooves spaced
12 mm, rotated at 250 rpm. The work was on top and oscillating
at 32 strokes per minute. The position of the work relative to
lap center was operator controlled to obtain the desired
figure., The pressure on the work was approximately 500 gm/cm2.
For this polishing step a 50% (by volume) distilled water - 50%
colloidal silica(1o) (60 uym grit size) slurry was constantly
applied to the c¢enter of the lap. After about 15 minutes the
surface roughness had been reduced to about 10-12 A& RMS and the
figure was about 1/2 wave convex for each wafer; A sécond 15
minute cycle with no change in the polishing conditions produced

a 7-8 R RMS surface with the center piece flat to about 1/8 wave



convex, The six outer pieces had a slight turned down edge.
Following a third 15 minute cycle again with no change in the
polishing conditions the surface finish of all seven parts was 2-
3 A RMS and the average figure for each piece was 1/2 wave. The
figure of the center piece was better than 1/8 wave, and the six

outer pieces were better than one wave.

Starting with the rough ground rod about 16 to 20 hours were
required to polish one side of the 7 wafers. Polishing the
second side of the 7 wafers to this same figure and smoothness

would require another 3-U4 hours.

We believe the described preparation procedure to be
practical in that no elaborate or expensive fixturing or
machinery was required. The procedure is best suited for small
quantities. The technique could probably be scaled up for
preparing polished disks of larger diameters in lots of seven.
Also the surface-damage layer is believed to be negligibly small
because of the chemical action of the pitch-colloidal silica
combination, For our application the sapphire disks were used as
plane-parallel low scatter windows but the process is equally

applicable for epitaxial silicon substrates.

We wish to acknowledge the advice and encouragement given us
by the other members of the Optical Sciences and Engineering

Group during the course of this work.
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